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(54) Method of Interconnecting Wells in Soluble Rock Strata 

The present invention relates to mining and may be employed in the formation of gallery- 
type underground caverns in soluble formations, as well as in the production of mineral 
salt by means of solution mining. 

A method is known for interconnecting wells in soluble rock strata that includes the 
practice of drilling wells, interconnecting them by hydraulic fracturing and creating 
thereafter a connecting cavity by pumping a solvent into specific fractures [1], 

Another method is known for connecting wells in soluble rock strata, primarily rock salt, 
which is comprised of the drilling of a vertical well, equipped with a casing and a tubing, 
and of a deflected well, that has a horizontal portion of a well bore; followed by the 
moving of the bottom of the horizontal portion towards the bottom area of the vertical 
well; then the creating of a passageway from the vertical well bore in the direction of the 
horizontal portion of the deflected well and the formation of an interconnecting cavity in 
the block between the horizontal portion of the deflected well bore and the vertical well 
bore by means of pumping a solvent into one of the wells and periodically increasing the 
pressure in one of the wells [2]. 

The disadvantage of the known methods is that, for the purpose of creating an 
interconnecting passageway, the hydraulic fracturing of the bed is employed that might 
cause a well seal failure under necessary high pressure applications. 



In addition, the creation of an interconnecting cavity is time consuming due to a lack of 
control during the creation process and the necessity of creating a large cavity for the 
well connection. 

The object of this invention is to reduce the time required for interconnecting wells by 
means of reducing the dimensions of a formed cavity as well as eliminating the 
possibility of annuli seal failure. 

This object is achieved through a passageway created in the direction of the horizontal 
portion of the deflected well by means of drilling a borehole, and the forming of a 
circular interconnecting cavity, oriented in the vertical plane, by means of pumping a 
radially-directed solvent into a massif through a nozzle, fixed at the outer end of the 
tubing, positioned in the bottom of the borehole. 

In addition, the borehole is drilled at an angle of 50-60 degrees relative to the horizontal 
portion of the deflected well. 

Figure 1 shows a vertical cross-sectional view of interconnecting wells. Figure 2 is a 
cross sectional view of A- A designated in Fig.l. 

The method is practiced as follows: 

A vertical well 1 and a deflected well 2 are drilled at a predetermined distance from each 
other. The vertical well is drilled so that its lower portion extends for 1 - 2 m into the 
bottom of a salt formation 3. 

The deflected well is drilled so that its lower angled portion approaches the bottom of the 
salt formation 3 and is directed towards the vertical well bore 1 . A casing 4 extending 
into the top of the salt formation 3 is positioned in both of the drilled wells. 

Thereafter, an additional horizontal portion 5 is drilled from the deflected well bore 2 
along the bottom of the salt formation 3. The drilling of the additional portion is 
continued until the bottom thereof approaches within the well bore area of the vertical 
well 1. 

Upon completing the drilling of the additional horizontal portion 5 of the deflected well 
2, known geophysical methods are employed to determine the actual location of said 
portion in relation to the well bore of the vertical well 1. 

For the purpose of connecting the bottom area of the vertical well 1 with the bottom area 
of the horizontal portion 5 of the deflected well 2, a side horizontal borehole 6 is drilled 
from the vertical well bore towards the location of the horizontal portion, for example 
with a diameter of up to 100 mm, at an angle of 50 - 60 degrees to the axis of the 
horizontal portion 5 of the deflected well 2. 



The length of the drilled borehole 6 is the calculated distance from the vertical well bore 
1 to the additional horizontal portion 5 of the deflected well 2 and is determined by 
measurements of azimuthal inclination of said portion of the deflected well 2 from the 
vertical well bore 1 while drilling. 

The horizontal borehole 6 is drilled by employing the known tools for mechanical drilling 
of side branch holes from a vertical well bore with a small curvature radius, for example 
up to 3 m, in which a rock-cutting bit is connected with a drill string 8 through a section 7 
of flexible metal pipes. 

Tools for side branch hole drilling are lowered into the borehole collaring location and 
kept in a predetermined direction during the collaring and the drilling of said borehole 6 
by means of a guide apparatus 9 positioned at the end of a tubing 10. After being 
lowered into the well to the depth of the borehole collaring, the guide apparatus 9 is 
oriented by the azimuth of the borehole collaring 6 and thereafter fixed at the mouth of 
the borehole. 

After advancing the borehole 6 to a predetermined depth, the rock-cutting bit of the side 
drilling tool is replaced by a fixed or revolving nozzle that serves to radially direct a flow 
of a solvent by means of which in the bottom area of the drilled borehole a vertical 
circular cavity 1 1 is formed by pumping a solvent (fresh water) through the drill pipe 8 
and the section 7 of flexible metal pipes. 

The brine thus created is withdrawn through the openings of the guide apparatus 9 and 
circular gap between the drill string 8 and the tubing 10. 

In the process of creating a circular cavity, the pressure in the vertical well bore is 
periodically increased until it reaches a level not exceeding the minimum pressure level 
required for the hydraulic fracturing of a salt massif at the foot of the casing of said well. 

The process of forming the vertical circular cavity is continued until there is established a 
stabilized hydrodynamic connection between the wells, which is characterized by the 
even flow of brine out of the deflected well when the brine flow-out line of the vertical 
well is covered. 

The suggested method prevents the formation of large or irregular dimensional cavities in 
the location where the bottom of the vertical well interconnects with the bottom of the 
horizontal portion of the deflected well, which have a detrimental effect on the form of 
caverns, for example of a gallery-type, in the process of their creation; eliminates the 
threat of seal failure in the annular space of interconnected wells on the account of a 
dramatic drop of pressure demand for the growing of hydraulic fractures in the salt block 
that separates the wells; significant reduction of time required for well interconnection on 
account of reduction of volume of work required to form an interconnecting cavity in the 
block between the wells. 



What is claimed is: 



1 . The method of interconnecting wells in soluble material formations, primarily 
rock salt, comprising: drilling of a vertical well, equipped with a casing and a 
tubing and of a deflected well that has a horizontal portion of a well bore; moving 
of the bottom of horizontal portion of said well to the bottom area of the vertical 
well, creating of a passageway from the vertical well bore in the direction of the 
horizontal portion of the deflected well and forming in the block between the 
horizontal portion of the deflected well and the vertical well bore of an 
interconnecting cavity by pumping a solvent into one of the wells with 
periodically increasing the pressure in one of the wells, distinctive in such a way 
that with the object of reducing time for interconnecting wells by decreasing 
dimensions of tike formed cavity, as well as preventing annuli seal failure, a 
passageway in the direction towards the horizontal portion of the deflected well is 
created by drilling a borehole, and a circular interconnecting cavity, oriented in a 
vertical plane, is formed by flowing a radially-directed solvent into a massif 
trough a nozzle, fixed at the outer end of the tubing, positioned in the bottom of 
said borehole. 

2. The method in claim 1 distinctive in such a way that the borehole is drilled at a 
50-60 degrees angle to the horizontal portion of the deflected well. 
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(54) CnOCOB COEAHHBHHH CKBAKHH B IUlACTAX PACTBOPHMHX 

nopoa 



1 

HaoOpexeHHe othochtch k ropHOMy 
Aeny m Moxex 6t*xa HcnoJibsoBaHO npx 
coaflaHHM nonseMHfiDC eMKocxeft rajiepeft- 
Horo THna b pbcxbophmux 4>op"auHflx, 5 
a xaicxe npn Aoetwe MHHepanbHux coneft 
pacTBopeBueM. 

HSB6CT6B CnOCOO COQAHReBKX CXBB- 

3khh b ruiaoxax pacxBopHttux nopoA^ bkjbo- 
tiamnfl oypeHHe cKBaxHK, hx cGoftxy «q 
nyxeM coaAamiA TfWHu rHApopaspma 
h nocneflywoee o6padOBaHne cpeARRttxejib- 
HOft noJiocTH nyxeM HarRexaRR* b yxa- 
saHtme xpeuptBti pacTBopHrejinLl J* - 

HsMcxeB xakxe cnocod coaARBBBHA 
cxaaxnH 8 iwacxax pacxsopHMwx nopQA, 
npeHMymecxBeHHo KaMOHRoA cojih, bkjbo- 
vamuift eypeHae BepxHxaj»HOA cxbbxh- 
HH r o6opyAOBaHHofl oOcaAMoA h pa6o*eA 

KOJIOHBaMM, H HanpaBJieHHOA CKBaXfffOJ, 

HMexmeA ropHBOHxajifcHMfl smacxox cxbo- 
jia, 00A»eAdHHe aaCon ropRSOBTanbRO- 
ro ytacTica cxaona k npHsaeoAHoA sone 
BepxHKanbHon CKBaxHHti, cosAaHxe rb 
cxBosia aepTHxaJibHOft ckbwhhm b aanpaB» 
iiBHRH ropHSOHxajibBoro ywacxxa Hafipas-" 
abhhoA cxaajcHKbi Kaxana h oOpasoBaHMe 
b uemiKe ne*ny ropHBOHxajibHUM ytiacx- 

KOM HanpaBJICHHOR CKBaiHHU.H CXBOA0M 

BBpxnxanbHOft ckbbjkhhm coeARBBXenbRoR 
nonocxM nyxeM, saxa*iK>i b OAHy rs cxbb-W 



krh pacxBopuranH c nepHOAHsiectcRM m 

BUUlOHHeM AaB/ieHHH B OAHOR H3 CXBB-: 
*RB [2]. 

" HeAOcxaxKOM HBBecxHbix cnocoGoB 

ABJIRBTCR TO, VXO AAA COBABBKA CGO©M- 

Boro xaaana b hhx KcnojtbayexcH rra- 
popaspMB nnacxa, npx xoxopoM H3-sa 

H606XQAHMOCXH npHMOHOBHA BUCOKHX 

ABBAaHKft Moxex 6brrb napyuana repwe- 

XMttHOCXb CKBBJKKM • 

KpoMe xoro, cOBAaHHe coeAMHHxenb- 
Hoft nojiocxH xpefJyex tonbtUHX saxpax 
BpeMeBH, Tax xax npouecc ee oOpaao- 
BaBKA ReynpaBAAeM h aaa cGobkm ckbb- 

MHH H9O0XQABMO o6pa30BaTbnOAOCTb ttOAb- 



15 



Aejib M9o0pexeHHH - cHMBleHMe Bpe- 

MftBH OOaABBBHKA CKB8XHH nyXBM yMBMb- 

hibhxh paaMapoB o6paayaMoft aojiooxm, 
2^ a xaxxe. yoxpaHaxxe bosmoxhocth pas- 
repMexMsauMR 8aTpy6Roro npooxpaRCT- 
aa oxBaacMH. 

nocTBB Jia b b a a ue/ib AocxxraaxcH x«M f 
«xo xaHaji b HtopaBJieBHM ropHSOHxanb- 
Horo yvacxxa HanpaB ag h ho a cKBaxHHU 
co9Aa»T. nyxeM CypcHMA iunypa, a coeAM- 
BKxenbHoB noJiocxM npMfla- * fopny Kpy- 

rOBOA B«paOOXXM # .OpHeBXMpOB BRKOft 
B BOpXMKaJlbHOA nJXOCKOCXH, HyXGM B03- 

AeAoxBMA Ha MaccHB paABBAbHO Hanpaa- 



JieHHMM nOTOKOM PBCXBOpHXeAA , ^OPMK- 

pyeMMM nocpeacTBOM HacaAKH* ycxaHOB- 
aohhoa Ha KOHue pabpqeA xoaohhm xpye, 
pa3MemeHHo« Ha saOoe yxa3aHHbro umy- 
pa. 

KpoMd Toro, nmyp GypAX noA yrAOM 
50-60* k ropHSOHTa/ibHOMy ynacTxy Ha- 
npaBJieHHOft cxBajKHHt*, 

Ha <J)Hr. 1 H3o6pa*eHbi coeAHHaeMue 
CKBaxcHHu, fiepTHKanbHuft paapea; Ha 
$hv.2 - paspes A-A Ha 4>Hr.l. 

CnocoO ocymecTBJiHiaT cjieaywmHM oe- 
paaoM. 

npoHSBoflHT OypeHHe sepxaxaAbHoA 1 
h HanpaBJieHHofl 2 ckbmhh Ha saAau- 
hom paccTpAHHH APyr ot flpyra. npoxoA- 

KY BepXHKaAbHOA CXBdJKHHH OCytUeCXBAAWX 

c sarjiyoAeHnetf Ha 1-2 m b nonomsy 
co/iHHoro nnacxa 3, 

HanpaBneHHyw cxBaxcHHy npoxOAAX Ta- 
kmm o0pa3OM ff utoOn ee hhxhaa kphbojih- 
HeAHaA tacxb 3axaH<<HBaAacb bGahsh no- 
AOuibu coJMHOro nnacxa 3 h 6buia Ha- 
npaB/ieHa b CTopony cxBOJia BepxHxajib- 
Hoft CKBaxcHHH 1. 06e cxBaxcHHbi saxpen- 
jihiotch oCcbahumh KOJiOHHaMH 4, 3arjjy6- 
JieHHUMH b KpoBiso coJiHHoro njiaqxa 3. 

IIO OKOHHaHHH npOXOAKH H KpefTJieHHH 
CKBa*HHhl OCcaAHblMH KOJiOHHaMH 4 K3 

CTBona HanpaBJieHHOfl cxaaxKHu 2 npo- 

XOflHX AOnOJIHHTeJIbHhafl ropH30HTam»Huft 

yiacxox 5 BAo/ib noAOUBtj cojiHHoro 
njiacTa 3. BypeHHe AonoAHHxeAbHoro 
. yzacxxa BeAyx ao Tex nop, noxa ero 
saooA »e AOCTHraeT sohu cxBOAa aep- 

THKa/IbHOft CKB3JKHHU 1. 

no 3a b epuieH hh npoxoAKH Aonoji- 
HHTejibHoro ropHSOHxajibHoro ynacxxa 5 
HdnpaBJieHKOB cxBakHHbi. 2 hsbgcxhumh 
reo^H3H^ecKHMH MeTOAaMH bnpeAeAffet- 
ch. 4axxK<zecxoe MecxonojioxeHHe ropH- 
30HTanbHoro yvacxxa oxHOcrfteAbHo 

CTBOJia BepTHKa/lbHOfl CKBaXHHbJ 1. 

Bjia coeAHHeHHH ripHsaOoAHOA sohu 
BepTHKajibHofl cKBaxcHHu 1 c npwsaooA- 
Hoft 30HpB ropHBOHTajibHoro y*tacxxa S Ha- 
npaBJietHKOA cxBaaatHU 2 hb CTBOJia Bep- 
thk ajib HOfl cXBAHCHHu k MGCTy pacnojio- 
xceHHH ropuspHTajibHoro cxBOJia npoxo- 
Aht ookoboA ropusoHxajibHuA tunyp 6, 
HanpuMep AHaMexpoM ao 100 mm t no a 
yrjtoM 50-6 0° k och ropHSOHTajibHoro 
y^afcTKa 5 HanpaBABHHoft cxBaxHHbi 2. 

AnxHy npoxoAHMoro umypa 6 npHHHMa- 

JDT paBHOft paCH6THOMy pacCXOAHHIO 
OT CTBOJia BepTHKaJIbHOft CKBajCMHU 1 

AO AonojiHHtejibHoro ropHSonxaAbHoro 
yvacxxa 5 HanpaaAeHHoA ckba»hhu 2, 
xoxbpoe ycxauaBJiKBaexcH no AaHHbZM 
saMlpoB aaHMyxajibHoro otxaohohha 
yxaaaHHoro ytacxxa HanpaBAeHHOA cKBa- 

KHHbl 2 OT CXBOAa BepXHXBAbHOA CKBft" 

xHHbi 1 b npouecce npoxoAKH* ' 

HpoxoAKy ropHSOHtanbHoro umypa 6 

OCytfleCTBAKIOX C npHMQ H6 H H8M HSBeCT- 
HbDC yCXpOACTB RflH M6XaHHM6CKOrO 
OypBHHA OOKOBblX OXBeXBJIOHHfl K3 

aapxHKajibHoro CXBOAa CKBakHHbi c Ma- . 

AHM pdAHyOOM KPHBH3HM, HanpHMQp AO 
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3 M r b KOTopbix nopoAopa3pyutatouiHft 

HaKOHeMHHK Uepe3 CeKUHIO 7 TH6KHX Me- 
XaAAHTOCKHX xpyo COeAHHeH C 6ypHAb- 
HOft KOAOHHOft 8, 

CnycK ycTpoftcxB a^h OypeHHA 60x0- 

BbDC OXB BT BAG H H ft K M6CXy 3a6ypHBaHHH 

uinypa h yAepmaHHA mx b saAaHHOM Ha- 

npaBJlBHHH BO BpeMH 3a6ypHBaHHH H B 

npotxecce npoxoAKH uinypa 6 ocymecxBA*- 
»t nocpeACTBOM HanpaBAHwmero annapa- 
Ta 9 r yxperuieHHoro Ha xonue paOonen 
KOAOHHbi 10 HacocHo-KOMnpeccopHbix Tpyo\ 
nocjie cnycxa b cxBaxHHy ao rjiy6HHu 
sa6ypHBaHHH umypa HanpaBJimowHft an- 
napax 9 nocpeAcxaoM HBMepHxejibHUx npw*- 
6000B opneHXHpyiox no asxMyxy saOypH- 
bahhh mnypa 6 h 3axeM xecxxo 3axpen- 
JI5D0T Ha ycxbe CKBaxcKHbi, 

nocjie sarjiyOAeHHH uinypa 6 Ha saAaH 
Hyio AAHHy nopOAopaspyuaxmtHft HaxoHeti- 
hhk ycxpoftcxsa AAA OoxoBoro OypeHHA 
saMeHAnx HenoAB hxcho A hah BpamaromefiCA 
HaCBAKOA A^IA pdAHdAbHO HanpaBAeHHOft 

noAastn pacTBopHxeAH 0 nocpeAcxaoM 
xoxopoft b npnaaOoAHoH 30He npooypeH- 
Horo umypa npoHSBOAAX pa3MbiB Bepxn- 
xaAbHOA xpyroBoH noAocxH 11 c noAa*» 
veA pacxBopHxeAA <npecHoA boau> <*e- 
pe3 xoAOHHy 8 OypHAbH£ix xpyo h cex- 
uhw 7 thOkhx MexaJiAH^ecxHX xpy6. . 

Otboa oOpasyiwaerocA paccojia ocy- 
mecxBAAiox Mepes oxBepcxxA HanpaBJiA- 
wmero annapaxa 9 h KOAbueBOA aasop 
Mexny CypKAbHOfl: koaohhoA 8 k koaoh- 
hoA 10 HacocHO-xoMnpeccopHbix xpy0. 

B npou^cce cosAaHKR xpyroaoA no/ioc- 

XH nepKOAH^eCKK npOHSBOAAX yBeJIH^6- 

HHe AasAeHHA b cxBOJie BepxxxaAbHoA 
cxBaacHHt* ao BeAHVMHbj r He- npeBbnuaioaeA 

MHHHMaAbHO H606XOAHM6A BeAH^HHbl AaBJie- 
hha THAPopaspbiBa COAAHprO MacCHBa 
y oauiMaxa oOcaAHoA xoaohhm bxoa 

CKBaJICHHU. 

npouecc oOpasosaHHA BepxHKaAbHOA 
xpyroBoA noAocxH BeAyx ao boshhxho- 

B6HHA ycxoAHHBOA rHApOAHHaMHHeCXOft 
CBA3H MeWy COeAHHAeMblMH CK Ba*HH &MH , 

xapaKTepHsyjoiaeRcH paBHOMepHtm msjim-. 
bom coAHHoro pacTBopa hs cxBOJia Ha- 
npaBJieHHoA cxBaxHHu npH nepexpuxHH 

paCGOJIOOXBOAAQeA AHHHH BepXKKaAbHOA 

cxBamHHu* 

npeAnaraeMuA cnocoo nodBOAAex oesec- 
nemxb akkbha&uhm * 00 pa sob an ha b 

MeCXe C06AHH6HHA SaCOA BepXHKa'AbHOA 

cKBaxHHbi c saOoeM ropHSOHxaAbHoro 
CTBOJia HanpaBAeHHoA cxBamtHU noAOC- 
xeA OoAbuioro o6b6Ma^ HeonpeAeiieHHux 
pasMepoB h $opMu, oxaBuaaiouuix oxpx- 
uaxeAbHoe bakahho Ha ♦opMooOpasosa- 
HKe eMKocTH, HanpHMep ranepeAHoro 
TMna, b npouecce ee co3abhha; ycx- 
paHeHHe onacHocxH pasrepMexHsauHH 
3axpyOHoro npocxpaHCXBa co e ah h AeMbix 
CKBaxcHH 3a cvex pesxoro coxpautejiHA 

nOXpeGHUX AaBAeHHA AAA pa3BHTHA B 

ueAHxe coah, pasAeAAiocaeM ^BaxcHHu, 
xpetmtH rHAPopaspusa; sHa^HxanbHoe 
yMeHbuieHHe sarpax fipeMeiiH hb cooah-* 



H6HH6 CKBflJKHH 3a CMeX CHKX6HHA 06be«« 

ma paOoT no paaMbwy coe^HMMTe/ib- . 
HOft no/iocxH b uemiKe Hemny cxBaxn- . 
HawH t 

^OpMXJia H306peXeHHH 5 

1« CnocoC coeAMHeHHH cxsaxKH b 
nnacxax pacxBopKMwx nopo« r npeHMymect- 

B«HHO XaMCHHOft COJ1K, BKJBOMaWStHtt 6y- 
pdHHO BepTHKaJXbHOft CKBaXHHU, oeo- 10 

pyAoaaHHOlt oecajjHoft paOoveft kojioh- 

HaMH f K HanpaBJieHHOll CKBa«HHU r HMeto- 

meft ropH30HTam>Huft ywacxox cxBOJia, 
nojopieAaHHe saftox ropHSOHtanbHoro 
yvacxxa cxBona k npH3ACoftHoir soho xep-15 

THKAHbHOfl CKBaXHHfal, COSflaHHe R3 CXBO- 

n* BepTHKajibKoft CKBaxumj b Hanpai- 
jieHMH rop»30HxanbHoro >ntacxxa HanpaB- 
neHHOft cKBaxHKbt Kanajia h oOpasoBaime 
b uemiKe Meagqy ropHSOHxaJibHHM ynacx- 20 
kom HanpaBiieHHOft ckbcukhbu k ctbojxom 

BepTHKaJIbHOtt CKBA3KHHU COe»HHKXeJIbHOfl 

noAOCTH nyreM saxanxH b onny hs cxBa- 
xhh pacTB opH re Jin c nepMOfliwecKHM no- 

BUti8Bfl6M ABBJieHKH B OflHOfl H3 CKBBJWH, ~- 
OTJIHKa»mKttCH T©M t HTO , ^ 



C UeJIblO CHMXeHKX BpeMSHM COejQHHeHKft ' 

CKBaxHH nyTeM yMGH bUO hhh paapjiepoB 
oOpasyeMoft noJiocTH r a xaxxe ycxpa- 

HettHft B03M0XH0CTH pa3repM8TH3aUHH 

saxpydnoro npoc.TpaHCTBa cxfiaxHH, . xa- 
Han b HanpaBJieHMM ropnaoHTajibHoro 
yvacxxa HanpaBJieHHOft cxBaxHHt? cosna- 
iox dyreM 6ypeHHx unypa, a coeAHHH- 
rajibHOtt nonocTH npwaiox *opMy xpy- 

rOBOfl BfcjpaOOTKH, OpKeHXHPOBaHHOft B 

BepxHKajibHoft iuiockocxm, nyxeM bos- 

A6HOXBHA Ha Mao C KB paAHBJlbKO-HanpaB- 
J10HHHM nOTOKOM paCXBOPBXGJIH , $OpMH- 

pyeMtJM nocpeflcxBOM HacajjKK, ycxaHOB- 
/leHHofl Ha KOHue paOo^eft kojtohhu xpy6, 
pasMemeHHOft Ha sa6oe ytcaaattKoro tuny- 
pa* 

2 # CnocoC no n»l, o fi n h <i a »- 
tn h a c n tbm, ito lunyp CypHX no« 
yrnoM .50-60° k ropnsoHxa^bHOMy ytacx- 
xy Hanpas/ieHHOfl OKBaxmcu. 

1 HCXOMHHKH HH(|K>pMaUHH> 

npHHHXUe BO BHHMaHKe npn 9KCtiopxH3e 

1. naxeHX OUA » 2847202, iui. 299-4, 
ony6JiHK. 1958. A 

2. naxeHX CWA » 3941422, xn. 299-4 , 
ony<J;iHK. 1976 (npoxoxHn) • 
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